Long-term cytolytic T-lymphocyte (CTL) The immediate-early (IE, a) genes of herpesviruses are the first viral genes transcribed by host cell RNA polymerase after infection of permissive cells (3, 8, 11, 25) . The IE proteins perform a central regulatory role in the replication of herpesviruses. As exemplified for indicator genes, such as the E2 adenovirus early gene (9) and the human ,-globin gene (6), herpesvirus IE proteins can activate other transcription units, and an IE protein (IE-Vmwl75) of herpes simplex virus type 1 is required throughout the replicative cycle to promote the transition from IE to early (,) gene expression and the transcription of late (y) genes (26).
The immediate-early (IE, a) genes of herpesviruses are the first viral genes transcribed by host cell RNA polymerase after infection of permissive cells (3, 8, 11, 25) . The IE proteins perform a central regulatory role in the replication of herpesviruses. As exemplified for indicator genes, such as the E2 adenovirus early gene (9) and the human ,-globin gene (6) , herpesvirus IE proteins can activate other transcription units, and an IE protein (IE-Vmwl75) of herpes simplex virus type 1 is required throughout the replicative cycle to promote the transition from IE to early (,) gene expression and the transcription of late (y) genes (26) .
Selective synthesis of murine cytomegalovirus (MCMV) IE proteins (12, 21) leads to the expression of at least one IE membrane antigen (21) . A marked number of cytolytic T lymphocytes (CTL) activated during acute infection of mice (20) specifically lyse IE-infected indicator cells (22) , and IE membrane antigen-specific memory CTL reside in lymphatic tissues during viral latency (21) , suggesting that in the natural host the expression of IE genes is implicated in immune surveillance.
At present it has not been established whether only one or more IE membrane antigens exist, and molecules that carry lymphocyte-detected IE determinants have not yet been characterized biochemically. An 89-kilodalton phosphoprotein (pp89) located mainly in the nucleus and cytoplasm of the infected cell is the predominant MCMV IE protein (12) . This protein in its authentic form or in a processed form and also additional IE polypeptides of low abundance (12) come into question as antigens. The identification of a particular IE membrane antigen requires a monospecific probe.
In this paper we describe the selection and characterization of the first cloned long-term CTL line specific for an IE membrane antigen of a herpesvirus. This line is compared with another cloned long-term CTL line specific for a structural (S) antigen of the same virus.
We have observed previously that BALB/c (H-2d haplotype) mice, infected intraperitoneally as newborns with * Corresponding author.
102 PFU of mouse embryo fibroblast (MEF)-adapted MCMV (ATCC VR-194, Smith strain), harbor memory CTL in lymphatic tissues when latency is established after a long period of persistent viral replication. Such memory CTL can be restimulated to effector CTL in vitro by adding infectious MCMV, and mesenteric lymph nodes turned out to be a superior source of memory CTL specific for IE membrane antigens (21) .
Therefore, mesenteric lymph node lymphocytes derived from latently infected female BALB/c mice 10 months after primary infection were used for the cloning of CTL (started 10 July 1984). Lymphocytes (5 x 106) were restimulated in a 2-ml culture with 5 x 105 PFU of MCMV in the presence of 5 x 106 30-Gy y-ray-irradiated splenocytes which were derived from latently infected, syngeneic donors to serve as antigen-presenting cells. The number of restimulations with antigen was recorded in the form of a code beginning with Al to document the stage of the clones in later experiments. For cloning and long-term propagation of CTL, minimal essential medium alpha without nucleosides (catalog number 320-2561; GIBCO Laboratories) was used supplemented with 10% fetal calf serum, 4 mM L-glutamine, 5 x 10-5 M 2-mercaptoethanol, 10 mM HEPES (N-2-hydroxyethylpiperazine-N'-2-ethanesulfonic acid) buffer (pH 7.2), 100 U of penicillin per ml, 0.1 mg of streptomycin sulfate per ml, 0.1 mg of kanamycin per ml, 2.5 ,ug of amphotericin B per ml, and occasionally, 1 ,ug of tylosin tartrate per ml. With the exception of the first restimulation, 50 U of interleukin-2 (IL-2; lymphokine supernatant of concanavalin A-activated rat splenocytes containing 500 U of IL-2 per ml) was added per ml. After the second restimulation, CTL were cloned by plating 0.5 lymphocytes per culture in round-bottomed 0.2-ml microtiter wells at a clone probability (17) of 77%, calculated under the premise that every cell is able to grow. The cloning microcultures had to be restimulated three times by refeeding with virus, antigen-presenting cells, and IL-2 until growing clones became visible (stage A5). The frequency of growing cells was then found to be 10-2, and thus, the apparent clone probability was found to be >99%. Clones were transferred for expansion first to 48-well (1-ml) and finally to 24-well (2-ml) culture plates. Further propagation of the lines, designated A-lines (18) Fig. 2 ), revealed that both clones, Si-A as well as IE1-A at stage A21 (about 4 months) of in vitro propagation, expressed the Lyt-2.2 antigen (upper horizontal panel of fluorescence histograms in Fig. 2) , whereas the Lyt-1.2 antigen and the L3T4 (MT4) antigen (4) were not detectable. In conclusion, both cytolytic clones belong to the Lyt-2+, Lyt-1-, L3T4-subset of T lymphocytes.
To determine whether the CTL lines recognize their respective MCMV-specified antigens in association with 
